A high prevalence of fusC (16/46, 59%) was found in fusidic acid-resistant methicillin-resistant Staphylococcus aureus isolates collected from 2008 to 2010. Nucleotide sequencing of fusC and flanking regions revealed a novel staphylococcal cassette chromosome (SCC) structure, SCCfusC, which was integrated into rlmH and located upstream from SCCmec. The SCCfusC element contained speG, which may contribute to the polyamine resistance.
F
usidic acid is an antibiotic that is used in several countries, including Taiwan, to treat infections caused by Staphylococcus aureus, mainly skin and soft tissue infections (1, 2) . However, fusidic acid is not licensed in the United States. Resistance to fusidic acid in S. aureus has been reported, and the frequency of fusidic acid resistance in S. aureus has increased (3). We previously identified the fusidic acid resistance determinants in 45 methicillin-resistant S. aureus (MRSA) and 26 methicillin-susceptible S. aureus (MSSA) isolates collected from 2002 to 2007 and found that the fusA mutation was the major determinant responsible for resistance in MRSA (4) . However, another group in central Taiwan found that fusC was the predominant determinant (5) . To obtain more-up-to-date information about the prevalence of resistance determinants in MRSA, we examined the 46 fusidic acid-resistant (MIC, Ն2 g/ml) isolates of MRSA collected during a 3-year period (2008 to 2010) by the Bacteriology Laboratory, National Taiwan University Hospital. The isolates were reconfirmed as MRSA on the basis of detection of the nuc and mecA genes by PCR (6) .
The fusidic acid resistance determinants were detected by PCR as previously described (4). Our results indicated that 19 (41%) isolates had fusA mutations and 27 (59%) carried the fusC gene (Table 1 ). Compared to the occurrence of fusC in our previous report, the prevalence of fusC has increased among the fusidic acid-resistant MRSA isolates (4, 5) .
The 46 isolates were genotyped by pulsed-field gel electrophoresis (PFGE) (7), spa typing (8-10), multilocus sequence typing (MLST) (11) , and staphylococcal cassette chromosome mec (SCCmec) typing (4), and the results are shown in Fig. 1 . The PFGE analysis divided the 46 MRSA isolates into five clusters, and the majority of the isolates (44/46; 96%) were clustered into three pulsotypes, A, B, and D (Fig. 1) . All but one of the isolates carrying the fusC gene were clustered in pulsotype B, suggesting clonal expansion. When the results of spa typing, MLST analysis, and SCCmec typing were combined, two major genotypes were found (shown as spa type We also found that all of the fusC-carrying MRSA isolates carried SCCmec type III and belonged to ST239, which is also the most prevalent health care-associated MRSA (HA-MRSA) clone in Taiwan (4, 5) . Thus, the increased prevalence of fusC may reflect an increased prevalence of ST239.
We subsequently determined the sequence of fusC and its flanking regions from a representative isolate, NTUH-4729, by arbitrary PCR (12) and inverse PCR (13) . All nucleotide sequencing was performed at the Second Core Laboratory of NTUH using the ABI 3730 DNA analyzer (Applied Biosystems, Foster City, CA). The fusC gene has previously been found in association with three SCC elements, SCC 476 (lacking mecA) in an MSSA isolate (14) , SCCmec N1 (carrying mecA), and pseudo-SCCmec-SCC-SCC CRISPR (carrying a clustered regularly interspaced short palindromic repeat [CRISPR] region and mecA) in MRSA isolates (15, 16) . Our sequence data revealed that the fusC gene was located on a novel SCC structure, which was different from SCC 476 and was named SCCfusC (Fig. 2) . SCCfusC, located upstream from SCCmec type III, was 26.5 kb long, composed of 23 putative open reading frames (ORFs), had a GC content of 30.4%, and was integrated into the attBscc sequence at the 3= end of the rlmH gene (previously called orfX) (Fig. 2) .
We used PCR with 21 pairs of primers covering the whole SCCfusC region ( Fig. 2 ; see also Table S1 in the supplemental (Fig. 2) . Both SCCfusC and SCC 476 carry the ccrA1B1 and fusC
FIG 1
Characteristics of the 46 fusidic acid-resistant MRSA isolates. The dendrogram was generated by using BioNumerics software with the Dice similarity coefficient and unweighted-pair group method (UPGMA) based on the PFGE profiles. The degree of similarity is shown in the scale. To the right are shown Fus gene determinants for resistance to fusidic acid (A, fusA point mutation; C, fusC determinant), SCCmec types (VT, V T ), spa types, fusidic acid MICs (g/ml), and MLST results for selected isolates representing each spa type.
genes, and the identities of the 12 ORFs on the 3= end (from ccrB1 to the left) were Ͼ95%. However, the ORFs on the 5= end of these two SCCs were much more divergent. Both of the SCCs contain type I restriction-modification system genes, but the directions of their ORFs were different and the sequence identities were low (Fig. 2) . Most importantly, SCCfusC contains four additional ORFs, including the speG gene, which encodes spermidine acetyltransferase.
To detect the presence of the speG gene in other S. aureus isolates, PCR targeting the speG gene was performed with the specific primers speG_7F (5=-CTAAGAGCATTAGAGTATAGTG-3=) and speG_408R (5=-TGTTTTAAATCCTTGTGACTCG-3=). All of the 26 SCCfusC-carrying MRSA isolates were speG positive. However, the speG gene was not found in any fusC-negative MRSA isolate or the fusC-positive MSSA isolates (data not shown). To detect whether the speG gene in SCCfusC is functional or not, we determined the MICs of two polyamines, spermine (Spm) and spermidine (Spd), and found that isolates carrying SCCfusC had higher MICs for Spm (8 or 16 mM) and Spd (16 mM). Isolates without SCCfusC had much lower MICs for Spm (0.5, 1, or 2 mM) and slightly lower MICs for Spd (4 or 8 mM). Polyamines may contribute to anti-inflammation and the promotion of cell proliferation and tissue regeneration (17) . It has been reported that in resolving S. aureus abscesses, the amounts of polyamines are significantly higher in infected skin tissue than in infected organ tissue (18) . S. aureus usually lacks the ability to synthesize polyamine and exhibits hypersensitivity toward physiological Spm and Spd concentrations (19) . So far, communityassociated MRSA (CA-MRSA) USA300 is the only S. aureus clone that is resistant to polyamines, due to the presence of arginine catabolic mobile element (ACME)-encoded spermidine acetyltransferase, SpeG (19) . In the present study, we found that the fusC-carrying structure, SCCfusC, also carried a putative virulence gene, speG ( Fig. 2 ; see also Table S2 in the supplemental material). The acquisition of both resistance and virulence genes may provide an advantage for bacterial survival in the host.
Conclusions. The fusC gene has contributed to fusidic acid resistance in MRSA ST239 in Taiwan in the period from 2008 to 2010. We found that the fusC gene in MRSA was located in a novel SCC element, SCCfusC, which also carried a virulence gene, speG. This is the first report of the presence of speG in ST239 HA-MRSA. SCCfusC contributed not only to the fusidic acid resistance but also to the polyamine resistance in MRSA.
Nucleotide sequence accession number. The nucleotide sequence of the SCCfusC element harbored by isolate NTUH-4729 has been deposited in GenBank under accession number KF527883.
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